Objective The objective of this study was to evaluate the difference between the combination agent of xylitol, beatine and olive oil in a chewable capsule versus the control agent of a sorbitol tablet in subjects with hyposalivation and xerostomia. Materials and Methods The subjects had xerostomia over 3 months and a measured hyposalivation. The study was 3 weeks in duration, with 2 treatment phases of 1 week and a 7 day wash out period in between. At the end of each treatment phase, subjects returned for a follow up evaluation. At this visit they were given the subjective sensation questionnaire, as well as their unstimulated whole salivary flow and stimulated whole salivary flow were measured. Results There was a greater increase in the unstimulated and stimulated whole salivary flow rate, although the results were not statistically significant. The subjective evaluation as measured by the questionnaire showed that both agents reduced the mean score as compared to the baseline, although only the findings in the active agent was statistically significant (p = 0.0015). Conclusion The significant conclusions found in this study were that the active agent provided a significant subjective improvement in speech, swallowing, and decreased subjective xerostomia as compared to the control tablet. Clinical Relevance This combination agent has a significant effect on patients with subjective xerostomia but does not have a significant effect on objective hyposalivation.
Introduction
Salivary gland dysfunction can be caused by a multitude of disease processes. The etiologies generally fall into the following categories: viral and bacterial infections, radiation, autoimmune. This dysfunction can result in hyposalivation and xerostomia.
In the literature hyposalivation and xerostomia are used interchangeably. For the purpose of this publication, the term xerostomia will be in regards to the subjective feeling or a dry mouth, without specifying whether or not there is salivary hyposecretion. The diagnosis of salivary gland hypofunction is based on salivary flow measurements [1] [2] [3] [4] [5] . The term hyposalivation is used, when the whole salivary secretion is \0.1-0.2 ml/min at rest and under 0.5 to 0.7 ml/min of stimulated saliva [1] . The symptom of xerostomia can be used as an additional assessment of glandular hypofunction if measured in an objective fashion. This is performed utilizing verified questionnaires [5] . As will be shown in this study, the data on xerostomia and hyposalivation do not always correlate, and like other researches, the data is separated as it would be in two separate, but related disease entities [6] [7] [8] .
When there is an appreciable decrease in the amount of saliva in the oral cavity, adverse clinical manifestations can occur and generally, there is an overall decrease in the quality of life of the patient. Functionally, there can be impairment in speaking, chewing, swallowing and taste perception [1] [2] [3] [4] [5] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Dentally, there is a demineralization of the teeth, progressive periodontal disease, and mucositis [1-4, 9-11, 16, 18] . As the disease progresses, other than dry oral mucosa and saliva thickening, there have been reports of mouth burning, pain, depression, irritability and sleep alterations [1, 4, 5, 9, 11, 12, [14] [15] [16] [17] .
It is difficult to specify what the prevalence of hyposalivation and xerostomia is in the general population because in a majority of cases, the symptoms are nonspecific and painless, the terminology can be inconsistent and presence of diagnostic variability [10] . The published research does provide similar, although not significant, prevalence rates ranging between 20 and 30 %, with a higher incidence in older women and in polymedicated individuals [7, [9] [10] [11] [12] . Interestingly, there is some indication that there is an upward trend in younger adults, although the etiology is unknown [12] .
Treatment of salivary dysfunction can be challenging. If the etiology can be identified, particularly in polymedicated individuals, an alteration in the medication regimen can be attempted. In cases where there is no such possibility, such as in patients who have received head and neck radiation or in symptomatic Sjögren's Syndrome, palliative intervention should be attempted. Currently, there exist numerous products that provide relief of the symptoms of xerostomia. The delivery systems of these are: sprays, rinses, pastes, tooth pastes, gum, and candy.
In this study, the active palliative agent was a combination agent of xylitol, beatine and olive oil in a chewable capsule (Xerostom Chewable Relief Capsules Ò Biocosmetics laboratories, Madrid, Spain) versus the control agent of a non-stimulatory sorbitol chewable tablet. In a prior study, the combination product was shown to have a significant reduction in xerostomia, as well as a stimulatory effect on salivary volume/time, although multiple delivery systems were used [10] . The overall purpose of this study was to compare the combination preparation in a chewable delivery system against a non-stimulatory chewable agent in subjects with hyposalivation and xerostomia.
Materials and Methods

Inclusion Criteria
The subjects had to have symptoms of dry mouth that continued over 3 months duration, a non-stimulated whole salivary secretion of 0.1-0.2 ml/min measured over 5 min and a stimulated whole salivary secretion lower than 0.5 to 0.7 ml/min over 5 min. These flow rates were determined in consensus at the Symposium on Xerostomia and Dry Mouth in 2007 and have been adopted by The Spanish Society of Oral Medicine as the defining flow rate of hyposalivation [3, 15, 19] .
Exclusion Criteria
Subjects who had an intrinsic loss of salivary functions were excluded from the study because they lacked the ability to express any saliva, which was one of the aims of this study. These subjects were patients who underwent irradiation of 60 Gy or more in the head and neck region, patients who had a salivary gland removed, and patients with Sjögren's syndrome.
Patients who did not follow directions or who did not attend follow up appointments were removed from the study and the data was not used. Subjects could discontinue their participation, voluntarily, at any time of the study and without prejudice to future treatments.
The compliance of \60 % of the administered agents during each week of treatment was considered insufficient and subjects would be dismissed from the study for noncompliance.
Methods
The study was conducted in accordance with the law of Helsinki and its subsequent amendments. It also obtained approval from the Clinical Trials Committee of the Hospital Clinico San Carlos in Madrid and was sponsored by a contract under Article 83 of the Organic Law of Universities between Biocosmetics Laboratories Ò and the Universidad Complutense de Madrid.
The study was 3 weeks in duration, during which subjects used a saliva stimulant Xerostom Ò and a sorbitol control tablet. A repeated measures study was done because the 34 subjects were given both the non-stimulant control and the stimulant agent, but differed in the sequence in administration of the control versus the active agent. Subjects maintained their usual medications and oral hygiene routine throughout the study. Each arm of the methods was 7 days long with the second week being a wash out period. At the end of each treatment phase, subjects returned for a follow up evaluation. At this visit they were given the subjective sensation questionnaire (Fig. 1) , as well as their unstimulated whole salivary flow and stimulated whole salivary flow were measured. Responses on the questionnaire were scored from 0 to 4: never (0 points), sometimes (1 point), often (2 points), usually always (3 points) and always (4 points).
Active Agent
The active agent was a combination product of betaine, olive oil and xylitol (Xerostom Ò , Madrid, Spain) and the control agent, a sorbitol tablet. Both agents weighed 173 mg. Subjects were instructed to take one tablet at breakfast and at lunch, and two tablets between lunch and dinner, although not at the same time. During the wash out week, subjects were instructed to drink only water for management of symptomatic xerostomia.
Statistical Analysis
The database management and data analysis were performed using SAS version 9.1 program. Since the distribution of the samples was not normal, we had to use nonparametric tests. Tests applied were Wilcoxon signed ranks test and McNemar test. The significance level was set at 5 % (alpha error 0.05, confidence interval 95 %).
Results
One hundred patients were contacted from the database of the Department of Orofacial Medicine and Surgery, Faculty of Dentistry of the Universidad Complutense de Madrid (Spain), who were being treated for oral dryness. Of these, only 34 met the inclusion criteria and consented to be subjects.
There were 27 (79.4 %) females and seven (20.5 %) males. The mean age of members was 67.79 ± 9.46 years. The mean duration of hyposalivation was 8.31 years.
In the subjects history, 85.29 % of subjects took at least one xerostomic medication daily, 52.92 % of subjects took 2-4 xerostomic medications a day. In addition, 14.7 % had received radiation therapy of \60 Gy for oral carcinomas, 47 % had been diagnosed with burning mouth syndrome, and 23.5 % had psychiatric disorders. In 29.4 % of the subjects, no identifiable etiology could be identified.
Removable dentures were present in 50 % of the subjects. All subjects treated their hyposalivation utilizing xylitol containing products.
No subjects withdrew or were withdrawn from the study or deviated from the experimental protocol.
Unstimulated Whole Saliva Flow
The sialometry at visit 1 was 0.12 ± 0.07 ml/min on an average. After taking the control, subjects gained an average of 0.14 ± 0.15 ml/min. After taking the active agent, (Xerostom Ò saliva substitute), a flow rate of 0.15 ± 0.14 ml/min was measured. Although there was a greater increase in the unstimulated whole salivary flow rate, the difference between control and the active product was not statistically significant (p = 0.88).
Stimulated Whole Saliva Flow
The base line median stimulated whole saliva flow was 0.44 ± 0.23 ml/min. After taking the control, a median flow rate of 0.43 ± 0.28 ml/min was measured. After taking the active agent, a flow rate of 0.46 ± 0.28 was obtained. Once again, the stimulated salivary flow rate was increased versus the control, although not statistically significant (p = 0.53).
Xerostomia Questionnaire
Subjective evaluation as measured by the questionnaire resulted in a mean score of 9.41 ± 4.14 at visit 1. After treatment with the control, the mean score decreased to 8.97 ± 4.14 points, and after treatment with Xerostom Ò saliva substitute, the average score was 8.15 ± 4.02 points. Both agents reduced the mean score as compared to the baseline, although only the findings in the active agent was statistically significant (p = 0.0015). Comparison between the Unstimulated/Stimulated Flow Rates and the results of the Xerostomia Questionnaire are summarized in Table 1 .
Discussion
When designing the methodology of this study, one of the key difficulties was limiting the experimental cohort to subjects with stable and somewhat predictable clinical findings. With this in mind, the inclusion and exclusion criteria were formulated to reduce the amount of variability. The basis of these parameters was obtained in reviewing the current literature. Many studies included subjects that had inherent changeability, like Sjögren's Syndrome, or patient's without function of their salivary glands [7, [19] [20] [21] [22] . Therefore, it was decided to exclude Sjögren's Syndrome patients, because of the unpredictable fluctuation of their salivary flow and the intrinsic nature of their disease, and patients who had undergone head and neck radiation over 60 Gy, because of their complete lack of salivary production [10] .
Like other publications the present study subjects were predominantly female. The suggested reason for this skewed gender differentiation is based upon the premise that more females are diagnosed because they are more likely than males to visit outpatient clinics when they recognize they have abnormal symptoms [7, 16, 23, 24] .
Given the advanced age of the subjects of the present study, it seems logical that more than one-third of them were denture-wearing, as was the case in the study by Davies [7] . In the rest of the studies reviewed it is not indicated whether the patients had removable dentures. Given the difficulty of treating hyposalivation/xerostomia and the many products in the market, it is not surprising that in our study patients had tried numerous agents and procedures without having found an acceptable solution to their condition. Note that, typically, patients use combinations of treatments, not a single product, with 50 % of patients reporting utilization of predominantly lemon flavored and sugar free candies for attempted relief of their xerostomia/hyposalivation.
The combined agent (Xerostom Ò ) is comprised of betaine, olive oil and xylitol. Betaine is an amino acid derivative, obtained from sugar beet molasses during sugar production. Orally, it functions as an osmoprotectant and has been found to decrease chemical irritation and mechanical abrasions [25] . Olive oil has many properties helpful in ameliorating oral conditions commonly found in dry mouth patients including antimicrobial properties, lubrication, antiinflammatory, and anti-caries activities [26] [27] [28] [29] . Xylitol is a sugar alcohol that functions as a salivary stimulant [30, 31] . Although it is difficult to ascertain the exact mechanism that reduced the xermostomic symptoms, the most likely agents were the betaine, which decreases the loss of water from the mucous component of saliva, and the olive oil, which creates a sensation of a frictionless mucosa. Although there was a non-significant improvement in the Xerostomia Questionnaire in the Control Cohort, most likely this increase would be minimized by increasing the control and experimental cohort size.
Of interest, Ship and Godiksen had statistically significant improvement in unstimulated salivary production after the use of Xerostom Ò for a week and consuming unflavored chewing gum for 2 weeks, respectively [10, 20] . In comparing these two studies with different controls, this small increase in the former study could be explained by the induced salivary secretion from mechanical action of the chewing gum.
There were no statistically significant differences in the sialometry after the use of the active agent (Xerostom Ò   ) capsules. The changes in this study were comparable to the Epstein study in which Oralbalance Ò gel and Biotene Ò toothpaste were tested [32] . Along with sialometry, the Likert Questionnaire was asked during the four visits. The questions were compiled and adapted from previously published studies [7, 10, 32, 33] . The answers were always the same, measured on a categorical scale [10, 19, 32, 34] .
For the subjective evaluation, we reached, in the first visit a mean score of 9.41 with 0 being the absence of pathology and 16 having an extreme pathology. After taking the control an average score of 8.97 was obtained and 8.15 after treatment with the active agent. In this case, the difference between active agent and the control was statistically significant. Of interest, as has been shown in many studies, is that the objective measurements of stimulated and unstimulated salivary flow and the subjective Xerostomic Indices rarely correlate [19] . The reason that these measurements do not correlate remains unknown. Because of this, xerostomia and hyposalivation can be considered related, but different disease processes. This has been shown in many studies and correlates with the findings in our study as well [4, 35, 36] .
Conclusion
The significant conclusions that can be proven from this study are that the Xerostom Ò agent provided improvement in speech, swallowing, and decreased subjective xerostomia as compared to the control tablet. Once assessed Xerostom Ò saliva substitute suckable-chewable capsules can be considered as an agent for the treatment of xerostomia. Another significant finding was that Xerostom Ò increased the stimulatory whole saliva flow as compared to the control. When taken together, the Xerostom Ò salivary substitute problem does improve the subjective feeling of xerostomia and also, does increase saliva production.
The study was conducted in accordance with the law of Helsinki and its subsequent amendments. It also obtained approval from the Clinical Trials Committee of the Hospital Clinico San Carlos in Madrid and was sponsored by a contract under Article 83 of the Organic Law of Universities between Biocosmetics Laboratories Ò and the Universidad Complutense de Madrid. All subjects who were included in the study gave their informed consent to participation and understood all potential risks and benefits of the study.
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